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Abstract

Reusability of the learning objects (LOs) and #efulness is the main engine for the LOs theoreliment in the e-learning domain. We discuss
the granularity problems which are directly relatdth LO reusability in the context of using gertera learning objects (GLOs). The main problem
is to select an appropriate LO granularity degrébout loosing the possibilities of LOs reusabilityaturally, the smaller the LO and the more
unrelated it is to a specific context the more ables it is in various contexts. However, decomppdi@ to separate elements and eliminating the
context we loose the LO pedagogic value, i.e. s8¢ become non-efficient with respect to the learfiberefore, to solve the problem, we suggest
creating GLOs combining two technological paradigfeature diagrams (FDs) for GLO specificationtie early development phase and generative
techniques for GLO implementation. The chosen pgnasl ensure the evaluation of the possibilitiesenfsability in the early GLO development
phase (it means, we have a possibility to evaltraeefficiency of the composed GLO) and the generatuse. GLO enables the user to select the
requested parameters from the meta-interface oohwdispecific LO item, meeting the requirementshef user, is generated. By specifying with
GLO feature diagrams we may foresee possible GLtests, filing GLOs with versatile information ef particular field. Thus the GLO becomes
pedagogically efficient, adaptive and its grantjadiegree does not restrict the possibilities akeadility. Therefore, we may draw a conclusion that
composing a GLO we automatically partially solve #xisting problem as the GLO granularity does nestrict the possibilities of reusability.
However, we must know how to evaluate the GLO dlanity degree because while describing the GLO laams of meta-data it is necessary to
indicate the aggregation level. To solve the problge suggest using a formal graph-based model wiitlonly enables the creation of learning
scenarios from the generated LO items but alsevaltbe evaluation of the granularity degree.
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Introduction reliability, etc. (Paris 2003; Kramer 2005). In tield of
LOs, however, there is no a single and unambiguous
e'understanding of reusability as compared to théd fie
software engineering. The scientific literature agiva
wide range of theoretical assumptions on reusgbiift
LOs; however, we lack a practical guidance and $asnp
of a specific realization, which would ensure geeat

Though learning objects (LOs) are known in
learning for over 15 years, there is no a unifiefindtion
of the term so far. In the context of this papee, accept
the following definition of the term: LO is a smadtand-
alone, mediated content “chunk” that can be reused

multiple instructional contexts, serving as builglinlocks reusability of LOs. Thus we can assume that relisabi
to ddtlavelop h|gh$r-level f:om_f)ounds .(e.g. Iessonﬁof LOs is still an objective, a nice vision, andalre
modules, etc.) (Wiley 2000; Wiley 2002; Nugent, Sohjyniementation in practice is rather slow (Currénd
ar_ld Sam".’“. 2006). TWQ. interrelated aSF?e.CtS f_ollownfr Campbell 2002; Paris 2003; Kramer 2005). Moreover,
this definition: reusab|llty and composmonallty)th'er the impact of reusability is directly linked to the
gape’rs (§§$Z§n'L20g3; Agy 2004; l\gorglelf, S)%rg'd Elm following properties of LOs: granularity and aggaéign
arron , _eeder, Davies and Ha ) alSQaiso called as compositionality). How should an

consider reusability as one of the most importan ppropriate LO granularity be selected, and howyman

properties of LOs. . learning objects should be composed into a pasticul
Currently LOs are seen as a connector of the legrni ), (e.g. a lesson, course, etc.) so as to enture

and technology infrastructure. That explains whyslabe reusability? As granularity has a direct impact on

discussed worldwide from various perspectives; forreusability, this problem should be at the focusairse

example_,_ the requirements for the learning objects esigners. First of all, in order to ensure redgghba LO
composition and their advantages to learners anﬁ1

t be designed with thi in mind fromvibey
developers/instructors,  influencing  the Iearningb LISt b cesignec wi 'S pUTPOS® In mind Trorm

i eginning of the development life-cycle (Mohan and
eff|C|enc_y, are at Fhe focus of researchelrgz Therfer Bucarey 2005), i.e., reusability should be intendethe
composing LOs is due to the possibilities they can g specification.

provide (Metros and Bennet 2002; de Salas and Ellis In such a context, we need to evaluate granulatity

2006). high abstraction level, for example, at the speatfon

Reusability of LOs is indeed attractive; it cands@n Ie:gel. The airln of t\r/1e,paperxis t\F/)vo%oId: first tpoadyze
as a strategy to enhance quality, fast_er qe\_’empme%usability of LOs with granularity in mind, andcsad
times, lower development costs, productivity, éficy, to show how to aggregate LO instances with the békp
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graphs-based model in the context of using gewerati concrete and usually allow for an extremely wideets
reuse, i.e., generative learning objects (GLOs)yl[®o of granularities. Therefore, seeking for a morecjze®
Leeder and Chase 2004; Morales, Leeder and Boykend correct LOs granularity analysis, we have chose
2005). different research objects related to LOs: LOs ddaabs,
We proposed to use Feature Diagrams (FDs) as @ntent models, separate research groups. Thougusa
graphical language for the feature-based conceptualithors differentiate between the number of leyietsm
modelling and for the specification of granulardf/the 2 to 5), all the levels can be ascribed to onehefthree
learning content at a higher abstraction level dnihiat  levels of aggregation: smaller elements, which adgap
originally FDs were introduced in Feature-OrientedLOs, the learning objects themselves, and aggrégate
Domain Analysis (FODA) method (Kareg al. 1990) and LOs (Table 1). We will follow the latter attitudehile
now are widely exploited in software engineeririf)en, speaking about LOs granularity and its aggregation
we propose to use generative technologies to craatelevels.
GLO, from which LO instances can be generated Analysis the aforementioned levels from
automatically on demand. And finally, when we attga perspective of reusability shows that the elemefthe
have LO instances, we can use formal graph-basekimo first level of aggregation may be reused withouy an
to model a composition of LO instances (i.e. to slod modification. According to Wiley (2003), the smalkhe
learning content) and according to the createdigrajg  LO element is, the bigger the potential of reusgbit
can evaluate the LOs granularity degree and agtioega has. Passing to other levels of aggregation,
level. possibilities of reusability reduce. Naturally, drO
The structure of the paper is as follows. The nextomposed from particular elements (texts, pictusesljo
chapter provides the analysis and evaluation of LOsr video fragments) cannot be appropriate to amgeca
granularity. Then we introduce generative learningand cannot ensure such high efficiency of reudstak a
objects (GLOs) and what technologies we offer te ins separate elements. In this respect, when incredsiag
their development. And finally we analyze and idfgnt potential of LO reusability, authorsCgrrier and
GLOs granularity according to proposed graph-base@ampbell 2002; Wiley 2003; Parrish 2004) suggest
model. refusing the LO context, i.e. they say, that LO wdto
contain as a little context as possible. But heesface
the major contradiction (Boyle, Leeder and Chase420
on the one hand, it is assumed that the potenti&lCo
reusability is increasing alongside the greaterrelegf
independence from the context, and on the othed,han
educators assert that a context is the main conmparfe
an effective learning process. After all, incregsiie
possibility of reusability we should keep in mintetLO
audience (students, who are the target audiendeéOdpf

the

the

Analysis and evaluation of LOs granularity

LO granularity refers to the degree or detail or
precision contained in a learning object, as waellita
size, decomposability and potential reuse (Koohamd
Harman 2007) Different researches consider different
levels of granularity, called the aggregation level
(according to LOM standard). LO definitions are non

Table 1.LO granularity and aggregation levels

Aggrega- | SCORM (2004) | LOM (2002) | Barit etal (1999) Vzlfga“rf];gﬁ?tgz) L ?,'\:'g;élfg" Eduworks
tion level (standard) (standard) (RLO/RIO model) content model) model) corporation
Raw Media
£ Elements Content
o (paragraph,
5 Assets Raw media ( Conlséot Fact illustration, fragments
g' (image, audio, data or Process FEJrihcipIés o animation, etc.) —
8 text, etc.) fragments Proéedures) Information
o Objects (set of Information
| raw media objects
elements)
Sharable (inc-lreOch)air?dent
Ob'ComegE:O Learning RLO learning objects
jects ( ) objects (collection of 7+-2 | Learning objects that contain a Learning
o] (collection of one | ¢ jjection of RIO, plus an (based on single | single learning biect
Or more assets + level 1) overview, summary objective) objective and have objec
independent for and assessment) corresponding
improving activity and
reusability) assessment)
o A collection Aggregate Learnin
| c of LO (e.g. a Assembles Lesson com ongnt
S ontent course) (lessons) P
T Aggregation _
S .
S (co;r]z%tg:oc;ule, A set of Collections Unit Learning
3 courses (courses, stories) environment
< Course
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Thus, a LOs must be pedagogically “enriched”, effit, human readable form) the following aspects of GLO:
valuable, based on the created learning theorieyl¢éB scope, commonality and variability; essential feaguof
2003; Salas and Ellis 2006). Naturally, the ricliee the topic, their relationships and constraints. &avider
context of LO is, the easier it is for the leart®benefit feature diagrams’ adaptation, grounding and elesnefit
from it. For example, if a student finds the Djileé  application in GLO specification refer to articiBtqikys
algorithm in the LOs repository without any contextd et al. 2008). In this article we only recall that variitlgi
specific samples of application, it is unlikely ththe means different variant of a LO. Variability is éntial
student will understand, perceive and master thé& granularity, aggregation of LOs and reusability,
knowledge. Thus the reusability and pedagogiciefiicy = because technology enables us to create the camieat
are contradictory properties. variety of versions. Adaptations or personalizatioin
Within the context of this problem, we still beleev materials are common reuse activities. If adaptatidl
that the LO context should not be rejected on Hekiig be done automatically, we have a powerful generativ
to reduce LO granularity, and it is necessary tukléor reuse. GLOs are an example of such reuse (see next
new ways of increasing the LO reusability. We ssfjge section for more details).
increasing the reusability not by rejecting LO eoatand To illustrate GLO specification with feature diagrs,
reducing LOs granularity, but on the contrary, bywe have selected a simple and well known topic —
providing a learning object with a variety of diffmt Boolean algebra. This topic perfectly suits for taeO
LOs contexts, so that each user could choose tret malevelopment, as it is used in different study sttisjéfor
appropriate LO. Thus the possibility of reusability example, computer architecture, digital electronics
different contexts is retained, meanwhile, LO raemai logics, computer science, etc.). Such a wide saofpe
pedagogically rich, valuable and efficient. So,pwepose application of Boolean algebra instantly ensures th
to create generative learning objects (GLO) (tren@érs necessity and possibilities of reusability. Natiyradéach
of the GLO concept are Boyle and his colleges (Boyl course will have its “own” context. Having reviewed
Leeder and Chase 2004; Morales, Leeder and Boykeveral courses, where Boolean functions are applie
2005)) and use feature diagrams (FDs) to its sipatifn  have distinguished between the following main
in an early GLO development phase. As we see later, parameters of variability:

this case granularity does not directly impact abilgty. = target-audiencé€beginners or advanced);
= different functions

Specification of a GLO using feature diagrams = function notation(different courses use a different
with reusability in mind function notation);

o _ o o ) = number of expression lengithe number can vary
_The multidimensional definition of a GLO is givem i from 2 to (usually) 5, except for the function
Stuikys, Brauklyt and DamaSevius (2009). Here we NOT);
only consider that a GLO elaborates multiple aspect = graphical visualization of functions
such as technological, methodological, pedagogical We can easily specify the aforementioned variahilit

e-learning. Authors (Stuikyst al. 2008) proposed to use commonality and some constrains of LO “Boolean

feature diagrams in the GLO specification. The psggl  gigebra” by the feature diagram (Fig. 1).
model specifies at the high abstraction level (inethe

<Logics>
<Digital electronics> Legend

<Computer science>
——e Mandatory feature

<Computer architecture>
//// \‘ Alternative feature:

Boolean algebra

s 0 0 0 ~ase selecti
Target Functions Expression Visualization case selection
i . i Alternative feature:
audience notation rf:/qyj[??\ length form ermat
S ~ or selection

Constrains:
<> ) )
require or exclusive

Beginners

S
Venn
diagram

IEEE standart
logic gate

<..> Context

Figure 1. Feature-based model of GLO “Boolean algebra”

From the Fig. 1, we see that the selected areahasrelationship with feature “Number of entries=1". ,So
high degree of variability, because in differenhiext a according to Fig. 1 we can evaluate GLO reusability
different notation is used, Boolean functions regui degree and granularity prior to its implementatias,
different visualization and etc. For the sake ofidicity  reusability depends on differences and similaritiest
in the figure we represented only one constraitiveen can be detected and projected across GLO.
two features, i.e., function NOT has only one infiit Specifying the variability of GLO in the early pleas
there may be others constraints too. For examplaf the LO development, we increase the potential of
functions AND, OR, NAND, NOR requires xor reusability from the very beginning of LO developme
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i.e. from the very beginning of the LO life-cycle is
developed so as to be reused. Obviously, when regéki
develop GLO, the programmer has to be very well Meta-data as interface
acquainted with the specified field. Select function {AND, OR, NOT} £=AND
The need for adaptation LOs specification by the
feature diagrams not only increases the possibdity
reusability but also enables to foresee the legrnin
scenarios where LOs may be applied. If LO may klus
in 10 different contexts, it means its reusability 10
times higher than that of such an LO, which carused
just in one specific context (Sicilia and Garci@®2) In

Meta-body as a generalized
content in variability aspects

<h2>Boolean @sub[f] functions </h2>

addition, the realization of variability using spic Figure 2. GLO model

technologies (e.g. patterns or meta-programming

technologies) leads to the creation of GLOs, wieichble Meta-interface allows an educator/teacher or aestud
users to adapt LOs to a specific situation or il to select GLO parameters and to create LO instances
needs without changing the code. according to the purpose.

In summary, one can conceive that features that are According to Fig. 1, the values of variability
represented by leaves of the three (see Fig. 1ttere parameters are described in the GLO meta-interface
lowest level granules of LOs which are specifiedaat (Fig. 3). The user can select a learning material, (a

higher abstraction level. LO) of different complexity (for beginner or advamt
learner), select a desirable function with a prefér
Implementation of GLO notation, select a length of expression in the

) .demonstration example and select at least one
We have selected meta-programming as a generatiygsalisation form of a function. On the right haside of

technology for the implementation of a GLO. Here weriq 3 the default parameters are presentediiase a
speak about the heterogeneous meta-programming| o yser does not select any parameters, the LCbwil
techniques, which use two different languages i@ thgenerated with the parameters provided on the fight
same specification: a meta-language for represgntingige Different combinations of selected values ke

higher-level manipulations and domain (or targety, 348 different LO instances generated from thigle
language for representing LOs instances. We hay,

oo o ) €LO (for more details see next section). So, LOs
selected PROMOL (Stuikys, DamaSgus and Ziberkas  instances created by others from single GLO arseu

2002) as a meta-language and HTML/Java Script @s ghq re-purposed in generating new content ther¢fiere
domain language for representing LOs. is a considerable reduction in the time and effaken to
As.GLO is an exeCL_JtabIe specification it has a Welbroduce the new content. This leads to a sharpctiesu
estabhshec_j structure (Fig. 2). A structural mocteisists i, the cost to produce new instructional materials,
of two basic units: meta-data (also called metarfate) compared to developing the content from scratcle Th

and meta-body. Meta-interface serves for thgeysed content may even be of a higher quality fhan
representation of variability parameters at a h‘ghedeveloped from scratch.

abstraction level and meta-body — for coding of the
commonality-variability relationship at a lower-tdy

$

"Select function” {AND, OR, NOT, NAND, NOR} func:=AND;
'Select target audience" {beginner, advanced} vellebeginner;
"Enter the length of expression"  {1..5} lengtB;

"Select functions visualization™ {gates, IEEE start logic gate, venn-diagram} rep:=table;
[func eq {AND}] "Select symbolic visualization of D function™ {AND, *, &, A} rep_Nor:=nor;
[func eq {OR}] "Select symbolic visualization of Ofdanction" {OR, +, |} rep_Nand:=nand;
[func eq {NOT]}] "Select symbolic visualization ofdtl function" {NOT, -} rep_Nand:=nand;
[func eq {NOR}] "Select symbolic visualization of R function" {nor } rep_Nor:=nor;
[func eq {NANDY}] "Select symbolic visualization dAND function" {nand} rep_Nand:=nand;
$

Figure 3. Meta-interface of GLO “Boolean algebra”

The meta-body of the GLO is hidden from the end{evel:=beginner, length:=3, rep:=gates, rep_AND:$8N
user (because the technological details of metas presented in Figure 4.
programming are important only for a GLO In general, a meta-program (i.e., meta-interfaaes pl
developer/programmer). The example of generated ANEneta-body) is the specification that is a set ohvesl LO
function with set of all meta-parameters with orsdue  instances having the same or similar granularitselle
for each meta-parameter (function:=AND,
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W dhr @Lecture:ﬁoolean algebra ":I\ - Rl g v o Page v (0F Tools -

Boolean Algebra

Boolean algebra is a system of algebra (named after the mathematician who studied it, George Boole) based on onlv two numbers, 0
and 1, commonly thought of as "false” and "true". There are three basics arithmetic operators in Boolean algebra NOT, AWND, OF.

Short description of AND function:

Logical conjunction (usual svimbol AND) is a logical operation that results in a vale of frue if all of its operands are rrue, otherwise a
value of false.

Function AND representation:

By truth table: By gate
The truth table of A AND B (also written as A & B or The shape-specific logic gate symbol for the AND operation is
A~B)is as follows: shown in figure.
A B |AANDB 4 e
FALSE [FALSE [FALSE E e
FALSE TRUE [FALSE
TRUE [FALSE [FALSE Figure 1. AND logic gate.

TEUE |TRUE |TRUE

Simple demonstration:

true v | AND|true « AND |true v | =

Figure 4. Screen shot of LO instances according to seleceahpeters

Figure 4 presents a model of a derivative LO derive  For the sake of simplicity, Fig. 5 presents only@s;
from the GLO. A generated LO instance introduces &owever, Table 2 gives a detailed explanation and
student with the AND function basics and represérits  presents how many different learning object instanc
the truth table and gate. As far as only the begitevel may be generated. Therefore, first of all the leahas to
was selected (level:=beginner), the learning objectinderstand the basic principles of Boolean algébeato
presents only a short description of the functismvall as  start from the beginning level selecting one of thain
the main principles and representation. At the #ma functions AND, OR or NOT), then, he/she may either
learner is given a simple demonstrative problem: dinish the learning process or get acquainted wlié
student has to determine an appropriate value @ue modifications of the main functions (NAND, NOR
false) for the expression of a selected length.cfieck functions), and finally he/she may proceed with the
the answer, the student may click the button “Eati  advanced level, which analyses algebraic laws,
Thus, the student may assess his/her knowledge'shl  reductions, Boolean relations and so on.
understood the selected function correctly. On estu
the learner may select another LO instance (deffineed
GLO) and proceed with the learning of another fiamct
A set of such instances enables to specify a legrni
scenario or pre-specify routes in the formal grapbed
model, as it will be explained in the next section.

Legend:

B — beginning of aggregation

E — end of aggregation

L, — different LO instances

(for more details see Table 2)

Identification of granularity of LO instances
derived from GLO

Several LOs should be aggregated in order to
construct a learning scenario. In our assumptioapltys
are a quite good visual tool for learning modellimg , ) .
GLO context. Fig. 5 presents several possible cafse® Figure 5. Graph—based_model to_descnbe aggregation
instances aggregation (also we can call as learning and granularity of LO instances
scenarios) based on the elaboration theory, which
assumes that learning should start from elementary 1he number of the LOs used, the ways they have to

examples and then proceed with the more complicatelf linked and for what purpose are defined by the
ones. learning objective, pedagogic methodology and
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instructional design theory. We will not analysestissue this case, Fig. 5 will be helpful seeking to evé&dua
in a greater detail because the aim of this papehé granularity of LO instances derived from GLO.
determination and evaluation of the granularityeleyn

Table 2.LO instances derived from GLO explanation

desin graph Number of instances Explanation
Ly L,=1.4.3-4=48 elects AND function for beginners, desiratdtation ancvisualization
(L3¢ instances)

L, L,=1-4-3-4=48 elects OR function for beginners, desirabtatitr and visualization
(Laggsinst.)

L3 L,=11.3-2=6 elects NOT function for beginners, desirabl@ation ancvisualization
(Lo7102inst.)

La L,=1-4-3-3=36 elects NAND function for beginners, desiraidtation ancvisualization
(L103.138iNst.)

Ls L,=1.4.3-3=36 elects NOR function for beginners, desirabtation ancvisualization
(L13g.174inst.)

Le | ,=1-4-34+1.4.3-3=84 elects AND or NAND function (depends on whicknch he/she comes fro
(L175-2sginst.) anced persons, desirabldation and visualization

L, | ,=1-4-34+1.4.3-3=84 elects OR or NOR function (depends on whiemdir he/she comes from) 1
(L 259.242iNSt.) ced persons, desirable notationvisualization

Lg L,=11.3-2=6 elects NOT nction, advanced level, desirable notation andalization
(L243-048inSt.)

We would like to mention that the smallestgranularity degree (aggregation level of compound
granularity item does not have to be relative te file  instances derived from GLO), which is essential by
size or learning time. We tend to relate the smetlle describing GLO with meta-data.
granularity item with one concept or theme (forrapée,
with one Boolean function). As it was mentionedtiie  Conclusions
performed analysis, we will assume that there hreet
aggregation levels or the learning objects may aequ g : :
three different granularity degrees (accordingltom ~ 9dranularity is a graph-based model in which nodes
standard, aggregation level is as the functiormhglarity ~ '€Present derivative LO instances derived fromgiven
of a LO). So, we distinguish three levels in the@sL GLO and arcs (directed branches) represent a logica
context: sequence among the instances for their interpretitign

* First aggregation levelLO instances’ with the the Iearning/teaching process. The separate L@rinss
lowest granularity degree, i.e. one concrete LCFOMPOse the first aggregation level. The second
instance derived from the GLO. For example, L aggregation Igve_l is a composition of |n§tance$0(ae .
or L, or Ls. from the beginning to the end). The third aggregati

= Second aggregation levelO instances with the level is a few different routes from the beginniagthe
middle granularity degree, i.e. one route or€Nnd in the model. How many different routes shdud

sequence (aggregated at least 2 instances) in tﬁglgcted in th_e third level depends on the objestiv
graph. For example, BytLe-E or B-Ly-Ls-L,-E. initial granularity of LOs and context of use. Tinedel
» Third aggregation levelLO instances’ with the enables to evaluate t_he reusability extent and eoenp
highest granularity degree, i.e. at least two LO-OS at @ high abstraction level. _
instances’ sequences in a composed graph. For Further research is intended to expand and incatpor
example, B-b-Lg-E-B-Ly-L-E-B-Ly-LgE. the proposed model to deal with a more generallpnob
' 6uch as aggregation/sequencing of LO instances.

The proposed model for the identification of

We should emphasize that in this case (GLO contex
granularity degree does not restrict LO reusabibty the
LO adaptation to the individual needs of the leesris ~ References
ensured by the GLO which enables to select theimedju Ally, M. (2004). Designing effective learning objsc for
parameters from the meta-interface. However, wetmus distance education, in R. McGreal (e@nline Education
know how to evaluate the GLO granularity degree Using Learning Object87-97. Routledge Falmer, London.

. s ) arrit, C., Lewis, D., Wieseler, W. (1999). CISCO syste
because while describing the GLO by meta dat; reusable information objects strategy. [RetrievedilAR3,

(according to LOM standard) it is necessary to dath 2009, <http:/fwww. cisco.com/warp/public/779/ibs/

the aggregation level. ) ) ] solutions/learning/whitepapers/el_cisco_rio.pdf>.
Summarlzmg_the whole discussion, first o_f all waym  oyle, T. (2003). Design principles for authoringndynic,

draw a conclusion that the GLO granularity does not reusable learning objectdustralian Journal of Educational

restrict the possibilities of reusability and wendaneed Technology19(1), 46-58.
to reduce LO granularity or to refuse context tpmart ~ Boyle, T., Leeder, D., Chase, V. (2004). To boldly GGk
reusability. In addition, the offered formal grapased towards the next generation of learning objects-bearn

model not only enables the modelling of learning 2004: World Conference on.eLearning in quporate,
scenarios but also allows the evaluation of the LO Government, Healthcare and Higher EducatifRetrieved
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sasajos pasirinkti - atitinkamus parametrus, pagal uUasi
sukuriamas personalizuotas MO. Taip pat tefamireti, jog
pozymiy diagramos leidzigvertinti MO granuliacijos laipsn
aukStesniame abstrakcijos lygmenyje, ty. pozymésantys
pateiktoje medzio struktos lapuose gali ti interpretuojami
kaip MO, turintys maZiausigranuliacijos laipsi

Siame straipsnyje pateiktas konkretus GMO ,Bulicehig"
projektavimas bei d#imas naudojant aukiu iSvardintas
technologijas. Kadangi GMO apim@airiapug informacip,
specifikacijoje numatytus kontekstus, tokidwido GMO yra
pedagogiSkai efektyvus (nes nereikia atsisakyti téksto
siekiant uztikrinti pakartotinpanaudojim) bei jo granuliacijos
laipsnis visiSkai neriboja pakartotinio panaudojig@imybiy.
Vadinasi, galime daryti iSvad jog GMO automatiSkai
iSsprendZia dal MO problemy, nes GMO yra vertingas
pedagoginje plotntje, o jo granuliacija neriboja pakartotinio
panaudojimo galimylhi (t.y. mums nereikia dirbtinai smulkinti
GMO siekiant j dar karte] panaudoti kitame kontekste).

Tatiau GMO granuliacijos laipgnbttina moléti jvertinti,
nes apraSant GMO (ar i$ jo sugeneruotus MO egzerd)
metaduomenimis reikalaujama nurodyti agregacijagmign.
Siai problemai spsti siiloma naudoti formal grafais pagsta

model, kurio virdines vaizduoja MO egzempliorius, gautus i
GMO, o lankai — logia sely tarp sugeneruat MO. Nors
literatiroje naudojamas skirtingas agregacijos lygmskatius,
tatiau pagal atliki standan, modeliy bei atskin mokslininky
siiloma granuliacijos jvertinima, nustatyta, jog visus kit
autoripy minétus MO granuliacijos laipsnius (arba agregacijos
lygmenis) galima suskirstytii tris pagrindinius lygmenis.
Remiantis Sia prielaida, MO egzemplipgranuliacija taip pat
ivertinta pagal tris lygmenis. Atskiri MO egzemplair turi
maziausi granuliacijos laipsn(t.y. sudaro pirm agregacijos
lygmen). Grafo kelias (sudarytas iS maziausiai dyidjlO
egzemplion)) nuo agregacijos pradzios iki pabaigos (arba
vienas kelias grafe) sudaro antgranuliacijos lygmen O
trecias granuliacijos lygmuo apima kelegrafo keliy, kai
besimokantysis iSmek vierp grafo kela, susigeneruoja is
naujo (arba pasiima jau sugenem)okita grafo kela. Tokiu
budu pasilytas grafais pagstas modelis ne tik leidZigertinti
granuliacijos laipsi bet tuo pa&iu gali prisicti prie skirtingy
mokymosi scenarj modeliavimo aukStesniame abstrakcijos
lygmenyje.

PAGRINDINIAI ZODZIAI: mokymosi objektai, generatyviai
mokymosi objektai, pakartotinis panaudojimas, glacija.
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